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(54) OSMIUM OXIDE DEPOSITED ON HYDROPHILIC POLYMER SUPPORT 



(57) A carrier for carrying an osmium oxide compris- 
ing an aromatic polyolefin having a group shown by the 
general formula 

- A'-0(-A-0) n -R [1] 

(wherein, A is an alkylene group; A' is a direct link or an 
alkylene group; R is an aryi group; and n is an integer 
of 1 to 10), an osmium oxide carried by the carrier for 
carrying an osmium oxide and a method for producing 
the osmium oxide carried by said carrier, are disclosed. 
Since the osmium oxide earned by the carrier of the 
present Invention has a group having hydrophilic prop- 



erty, on an ox - = in eii ic oxida- 

tion reaction, particularly in a heterogeneous solvent 
system, the osmium oxide carried by the carrier of the 
present invention enables to produce a dies! compound 
easily and in a high optical yield. And the osmium oxide 
carried by the carrier of the present invention can be 
used safely and effectively even for an oxidation reac- 
tion etc. with using a compound which has been difficult 
to react in a nonaqueous solvent. 
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Description 

RELD OF THE SNVENTION 

s [0001] The present inversion relates to an osmium oxide composition carried by an aromatic poiyoiefin having a 
specific substituent, which enables to perform an oxidation of an organic compound by an osmium oxide on an industrial 
produciion scale. 

BACKGROUND OF THE INVENTION 

[0002] Although it is said that osmium oxides existing solely and firmly are oxides of osmium of 4 and 8 valences, 
but osmium oxides of 2, 3 and 6 valences can also exist. 

[0003] An osmium oxide of 8 valences is usually called "osmium tetroxide", or "osmlc acid" In the case of an aqueous 
solution, and known as a superior oxidizing agenl or catalyst In an organic synthetic reaction due to a great oxidizing 

is ability thereof. On the other hand, however, it is also weii known that osrrssum tetroxide is of high toxicity and sublimation 
character, having an offensive odor perceptible even at an extremely low concentration such as 2 x 10-5 mg/mi, and 
offending, a m i f eyes or at i In t 

Therefore, so far osmium tetroxide has been only used as an oxidizing agent for oxidizing a small amount of precious 
substance due to many probfc ii t In this conn lpis ha 3d* 

?o use osmium tetroxide safely for an industrial use. 

[0004] For instance, a process tor manufacturing catalysis based on nitrogen-containing polymers on which osmium 
oxide is precipitated from a solvent has been described In JP-A-4-505884, and actually a commercial product of about 
1% by weight of osmium tetroxide carried on poiy(4-vinyipyridine)(for instance, the one listed up in a catalogue of 
Sigma-Aidrich Corp.) is on the market. 

z's [0005] However, it was not necessarily easy to produce an osmium tetroxide compound by said method, because 
said method always utilized a chemical bonding of an osmium oxide to a quaternary nitrogen atom, using a basic 
polymer having a nitrogen atom, in particular, a cress-linked polymer thereof, in addition, there was another problem 
thai a polymer itself carrying said osmium oxide gradually decomposed when an osmium oxide compound obtained 
by said method was used as an oxidizing agent under an oxidative condition (Journal of Molecular Catalysis A: Chemical 

30 Vol. 120(1997), page 203 right column). 

[0006] Furthermore, the osmium oxide In the osmium oxide compound disclosed In the above JP-A-4-505884 is not 
necessarily stably carried as osmium tetroxide, and is evidently inferior in a function as an oxidizing agent to that of 
osmium tetroxide itseif, because it does not exist as osmium tetroxide, but as osmium trioxide or sometimes in a 
reduced state such as an oxide of a polymer or sn oxo anion. 

35 [00G7] On the other hand, it has been lately reported iha i it / active compc i can be obtained by using an 
optically active ligand together with osmium tetroxide in a dih Nv ^ ^ in, v i , ^ t- x in "Catalytic 

Asymmetric Snthesis" ed. by I. Ojima, VHC Publisher, New York, 1993, page 227-272; Chem. Rev., 94, 2483-2547 
' - ° <t - f - 1 li ft- - it- i - nun te i oxide t om the viewpoint of safety in handling 

andthc u ntetroxldf I in i > ion ns is en ,-edasiiis without being 

40 carried on a polymer or the like. 

[0008] Furthermore, a polymer complex in which osmium tetroxide is coordinated with optically active iigands intro- 
i v i i i t i i \ i i i in t Or ' n 

31 ?J an ? e. but. n mo is am linin i I in the pro c in osmium tetrox 

compound, because it is not easy to produce a polymer itself m which an optically active ligand is introduced, and the 

45 polymer is necessary to be further reacted with osmium tetroxide. in addition, there is another problem thai osmium 
tetroxide coordinated to the Iigands gradually drops off during a reaction and cannot be reused. 
[000nj Moreover, i a een attempted t lake >f a >sn l ox easy and improve solvent resistance 

thereo; by microcapsulaSing said osmium oxide such as osmium tetroxide which is no: easy to handle due 1o strong 
i ler such 3 s polystyrene (J P-A 1 thou; isula r a 

so 5t en (bled use fo it lydroxylation reactio t i ed so e, i 

only for a reaction in a homogeneous solvent system, and in addition it was necessary to react a substrate gradually 
so as to strictly control the asymmetric reaction. 

[0010] it is known thai a heterogeneous asymmetric dihydroxylation reaction using potassium ferricyanlde or the like 
as a co-oxidizing agent does not require a gradual addition of substrate to the reaction system, and therefore gives a 
55 high optical yield in a short reaction time, while an asymmetric dihydroxylation reaction in a homogeneous solvent 
system generally requires a gradual adod -. ••' ■.- si i v i ■ • system so as to obtain a - opucai yield. 
[001 1] Thus, it has been desired to create a new compound to carry osmium oxide as an oxidizing agent that enables 
f - " jn in a heterogeneous solvent system where a conventional operation or the like 
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to control an asymmetric reaction is not required. 

DISCLOSURES OF THE INVENTION 

s [0012] The present invention has been made considering the above-described situations. An object of the present 
invention is to provide a compound to carry an osmium oxide with a superior solvent and heat resistances thai act 
effectively as a catalyst tor a reaction in a heterogeneous solvent system and prevents the osmium oxide from eluting 
therefrom even in repeated uses. 

[0013] The present inventors, after an extensive study to fulfill the above purpose, have found out that an osmium 
to oxide carried by an aromatic poiyolefin with a specific substituent in a side chain thereof has an improved hydrophiiic 
property and acts effectively as an oxidizing agent even in a heterogeneous solvent system (mixed solvent system), 
and accomplished the present invention. 

[0014] The present invention provides a carrier for carrying an osmium oxide comprising an aromatic poiyolefin 
having a group shi i by th lula 

15 

-A'-0(-A-0) n -R [1] 



(wherein, A is an alkylene group; A' is a bond or an alkylene group; R is an aryi group; and n is an integer of 1 to 10), 
20 an osmium oxide carried by said carrier for carrying an osmium oxide and a method for producing said osmium oxide 
carried by the carrier. 

[0015] Further, the present invention provides an oxidizing agent comprising the osmium oxide earned by the carrier 
and a method tor producing a corresponding diet compound which comprises reacting a compound having a reactive 
double bond with the oxidising agent. 
25 [0016] Still further, the present Invention provides a method for producing a correspc < ^ ompound which 
comprises reacting a compound having a reactive double bond with the oxidizing agent and a strong oxidizing agent. 

BEST MODE FOR CARRYING OUT THE INVENTION 

30 [0017] The osmium oxide according to the present invention includes, for instance, osmium dioxide and osmium 
tetroxide, preferably osmium tetroxide. 

[0018] A part of the osmium oxide carried on an aromatic poiyolefin by a production method of the present invention 
- (. L i 3 i t i f I , ,u? y remaining in the aromatic poiyolefin and such 

osmium oxide which is partially reduced is also included in the osmium oxide of the present invention. 

35 [0019] The alkylene group shown by A or A' in the genera! formula [1 j may be straight chained, branched or cyclic, 
and includes usually those having 1 to 6 carbon atoms, preferably those having 1 to 3 carbon atoms, and specifically 
a group such as methylene, elhyleoe, propylene, trimethylene. teiramethyiene, f n l i <■ x< nt I 

thyiene ene, 2 methyitetram- 

hyl< ne, T-elhyll t In lylem n ih 

40 ylpentamethylene, cyclopropylene, cyclopentyk n lohex pn ear group among them 

[0020] The aryl group shown by R includes, for instance, a group such as phenyl and naphthyl. 
[0021] n 5 1 i 5 inll 1 ^ r- c eia! LI > i u 

[0022] The aromatic poiyolefin having a group shown by the genera! formula [1 ] that constitutes a carrier tor carrying 
an osmium oxide according to the present invention (hereinafter abbreviated to a carrier of the present invention) may 

45 be those having one or more aromatic rings which have a group shown by the genera! formula [1 ] at an arbitrary position 
3 i ii i so i n I i | I i i ii ) efm (> npound having 

group(s) shown by the genera! formula [1] of usually 1 to 5, preferably 1 to 2 and more preferably 1 at an arbitrary 
position of the aromatic ring thereof, a copolymer of said aromatic olefin compound and an aromatic olefin compound 
not having any group shown by the general formula [1] and/or other poiymerizable monomer. 

50 [0023] The aromatic olefin compound having a group shown by the genera! formula [1 ] at an arbitrary position in the 
aromatic ring as a substituent and an aromatic olefin compound not having any group shown oy I - 
[1] include, for instance, a styrene-type compound that may have an alky! group of usually 1 to 4 carbon atoms as a 
substituent at the a-posll:on thereof, and specifically, for instance, styrene, o-methylslyrene, o: -eihyistyrene, a-pro- 
py!s ret e e o c ohu r IbvS't and a- ert- t , sMene 

55 [0024] The aromatic ring of the carrier of the present invention may have further one or triors; groups as a substituent 
other than a group shown by the genera! formula [1], for instance, a halogen atom such as a chlorine atom, a bromine 
atom and a fluorine atom, an alky! group of usually 1 to 6 carbon atoms and preferably 1 to 3 carbon atoms such as 
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methyl, ethyl and propyl, an alkoxy group of usually 1 to 6 carbon atoms and preferably 1 to 3 carbon atoms such as 
methoxy, ethoxy and propoxy. 

[0025] Specific examples of other poiymerizable monomers include, for instance ethylen j , 
hydrocarbons of 2 to 20 carbon atoms such as ethylene, propylene, butylene and isobutylene; alkenyl esters of 3 to 

5 20 carbon atoms such as vinyl formate, vinyl acetate, vinyl propionate and isopropenyl acetate; halogen-containing 
ethyienically unsaturated compounds of 2 to 20 carbon atoms such as vinyl chloride, vinylidene chloride, vinylidene 
fluoride and tetrafluoroelhyleae; ethyienically unsaturated carboxyiic acids of 3 to 20 carbon atoms such as acrylic 
acid, methac c i nit d, rm c n t r« c acid, crotonic acid, 3-butenoic acid, 4- psntenoic acid and 
vinyl benzoic, acid (these acids may form a salt of an alkali meia! such as sodium and potassium, or an ammonium 

to ion); ethyienically unsaturated carboxyiic esters such as methyl rnstha la to n ate, propyl methacrylate, 
butyl methacrylate, 2-ethylhexyl methacrylate, methyl acrylate, ethyl acrylate, butyl acrylate, 2-ethyihexyl acrylate, lau- 
ryl methacrylate, stearyi acrylate, methyl itaconate, ethyl itaconate, rnethy n; I ml ite 

ethyl fumalaie, methyl crotonate, ethyl crotonate and methyl 3-butenoate; cyano-containing ethyienically unsaturated 
compounds of 3 to 20 carbot toi h as 3cryli nethacrylonit 'I < saf U i 

is amide compounds of 3 to 20 carbon atoms such as acryiamide and methacryiamide; ethyienically unsaturated aide- 
to/ i i Mi h to ill i c dliptuti heti rocyclic 

amines of 5 to 20 carbon atoms such as \S > i and ethvlen sally .^saturated aromatic 

heterocyclic amines of 5 to 20 carbon atoms such as vinylpyridine and 1-vinylimidazole. 

[0026] A weight average molecular weight of the carrier oi the present invention ranges usually from 10.000 to 
20 500,000, preferably from 20,000 to 100,000, and a degree of polymerization thereof ranges from 100 to 5,000, pref- 
erably from 200 to 1 ,000. 

[0027] When the carrier of the present invention is composed of a copolymer of an aromatic olefin compound having 
II fill s ipou ha iroup shown by lb€ general 

formula [1 j, a number of aromatic ring having a group shown by the general formula [1 ] ranges from 1 to 30%, preferably 

25 from 1 to 10% of a number of totaM -> i i i 

[0028] > riM hi f p i copolymer of an aromatic olefin compound having 

a group shown by the general formula [1] and other poiymerizable monomer, an unit having an aromatic ring accounts 
for usually 30% or more, prelt 1 i uni I m i ih lat 

a group shown by the general formula [1 ] ranges from 1 to 30%, preferably from 1 to 1 0% of the number of total aromatic 

30 rings in the polymer. 

[0029] Further, when the carrier of the present invention is composed of a copolymer of an aromatic olefin compound 
having a group shown by the general formula [i j. an aromatic olefin compound not having a group shown by the general 
formula [1] and other poiymerizable monomer, an unit having an aromatic ring accounts for usually 30% or more, 
preferably 50 to 90% of a total units of the polymer, and a number of aromatic rings having a group shown by the 

35 general formula [1] ranges from 1 to 3:)' , -to .<• !. from 1 to 10% of the number of total aromatic rings in the polymer. 
[0030] In order to produce the carrier of the present invention, for instance, the aromatic olefin compound having a 
group shown by the general formula [1] as a substituent in the aromatic ring thereof may be polymerized in accordance 
with an ordinary method, or, for instance, a aromatic olefin compound having a group shown by the general formula 
[1] s 3 I l in t ii i unit i i nl thi i i group shown by the 

40 general formula [1 ] and/or other poiymerizable monomer may be copolymerized in accordance with an ordinary method. 
0031] F | > i I | I i i i i in i < wf romatic olefin con 

pound having a halogen atom such as a chlorine atom as a substituent in the aromatic hag thereof, instead of an 
aromatic olefin compound having a group shown by the general formula [1 ] as a substituent in the aromatic ring thereof 
can also be reacted with an alcohol compound corresponding to a group shown by the general formula [1] to obtain a 

45 carrier of the present invention. 

[CW3 ] ii ii ) i jfi u| » I , hs inn i [1] in for instance, 

when A' of the general formula [1] is a bond, a compound shown by the genera! formula [4]: 

so HO-(A-0-) n -R [4] 

(wherein, A, R and n are the same as defined above); and when A' of the genera! formula [1] is an aikylene group, and 
a compound shown by the general formula [5], 

55 

HO-X-0-(A-0-) n -R [5] 
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(wherein, X is an aikylene group, and A, R and n are the same as defined above). 

[0033] The aikylene group shown by X in the above general formula [5] includes the same group as shown by above 
A or A'. 

[0034] In order to make a earner of the present invention to carry an osmium oxide, a so-called microcapsuiating 
5 technology for a substance of relatively large molecular weight that is prevalent, for instance, in the field of medicine 
or food, may be applied, and a carrier of the present invention and an osmium oxide may be reacted by contacting 

'-MS jmmary in Pharmaceutics Acta Helvetiae vol.53 ( 1 978) 

page 1 7-23 and page 33-39. 

[0035] Namely, an osmium oxide carried by a carrier of the present invention can be obtained by, for instance, dis- 
io solving a carrier of the present invention in a proper organic solvent, then adding an osmium oxide while heating if 
f r r t a solution to obtain a homogeneous solution, cooling the reaction mixture 

after completion of the reaction, and on appearance of deposits, solidifying the deposits by adding a suitable poor 
solven - trating and drying 

[0036] T c solv ; arm r of the pi n !u oi i< n: u i i 

is benzene, toluene and xylene; ketones such as methyl ethyl ketone; esters such as ethyl acetate, halogenated hydro- 
carbons such as chloroform, dichioroethane and carbon tetrachloride; saturated cyclic nydrocar bons such as cyciohex-- 
ane; and ethers such as diethyl ether and tetrahydrofuran. These organic solvents may be used alone or in a proper 
combination of two or more kinds thereof, and selected properly depending on a kind of a earner of the present invention 
to be dissolved. 

<'0 [0037] The poor solvent to be added after reaction includes lower alcohols such as methanol and ethanol, and aliphat- 
ic hyc c arbons sue Kane. These ( n J )n J kind of a carrier of the 
present invention used for reaction. 

[0038] An amount of the carrier of the present invention to be used is determined so that an amount of aromatic ring 
in the carrier is usually 1 to 10,000 times by mole, preferably 5 to 100 times by mole of the osmium oxide to be used. 
?s [0039] An amount of the organic solvent to dissolve e earner of the present invention is usually 1 to 100 times by 
pre t if t ( i ft i n in 

[0040] A reaction temperature is usually 0 to 150°C, preferably 10 to 100°C and more preferably 25 to 80°C. 
[0041] hours. 

[0042] The thus obtained osmium oxide carried by the earner of the present invention Is considered to be present 
30 in a state being mloroeapsuiated by the carrier of the present invention, in other words, it is estimated that the osmium 

oxide is carried in the carrier of the present invention or on Its surface by an electronic interaction between a vacant 

orbit of an osmium atom of the osmium oxide and a jt-bond in an aromatic ring of the carrier of the present Invention. 

[0043] An amounl 1 i » t < t »n j i ! 

(w/w) to 20% (w/w) based on the carrier. 
35 [0044] The osmium oxide earned by the carrier of the present invention rr , , , >k >< ^ Ji as a iutnp(biock) 

and fine particles. Fine particles are preferable from the viewpoints of easy handling and a performance as an oxidizing 

agent, but even a lump can be practically used by crushing properly. 

[0045] When the osmium oxide earned by the carrier of the present invention is the fine particle, the average particle 
in ins 1 ' i 20 

40 [0046] The osmium oxide carried by the carrier of the present invention is not only useful as a catalyst for various 

reactions, but also stable for a long period of 1 2 or more months in exhibiting the performance of osmium oxide itself, 

and further can maintain an activity thereof even in repeated use due , > I resistance 

thereof. Moreover, an activity of the osmium oxide is not lowered even by usir j • tany times repeatedly if it is used in 

combination with a suitable co-oxidizing agent. 
45 [0047] The osmium oxide carried by the carrier of the present Invention can be efficiently handled without paying 

special attention to toxicity and odor possessed by the osmium oxide and quantitatively recovered as a catalyst after 

usect, because the osmium oxide is earned by the carrier of the present invention. 

[0048] I i s I > t c t ibly enshrot c rn rocapsui s 

by a substi tee an effect thereof such as an effect as an oxidizing agent is maintained without 

50 collapsing its structure, during storage or even after used as an oxidizing agent. Further, although fine particles of the 
osmium o i of ih sent invention are microcapsulated or enshrouded by a substrate polymer, 

the microcapsule or the state of enshrouding is not perfect, but it has pores and interstices which make the osmium 
oxide contact to the air (Pharmaceutics Acta Helvetiae, voi.53 (1978), page 17-23 and page 33-39). Therefore, it is 
supposed from the above situation that the osmium oxide carried by a substrate polymer is noi entirely blocked from 

55 the atmosphere. 

[0049] With these superior characteristics, the osmium oxide carried by the carrier of the present invention can be 
used advantageously as a catalyst of various chemical reactions on an industrial scale. Above all, it can be effectively 
used as an c $nt to oxidize a compound having a read - )!• ■ id(s)toforma 
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diol compound or a carbony! compound. 

[0050] When the c f the present Invention Is reacted with a i >nd site 

having a reactive activity is cleaved, two hydroxy! groups are introduced to form a corresponding diol compound. 
[0051] The compound having a reactive double bond may be any compound as long as it has a reactive double bond 
s i in a molt ;!e, ana ir ide for inste nol only m olefin, a diene compound and an unsaturated cyclic hydro- 
carbon compound, but also a polymer and a compound having any functional group and/or aromatic ring as a substituent 
as long as II has one or more reactive double bonds in a molecule. 

[0052] Using an olefin as an example of a compound having a reactive double bond, a method for forming a dio! 
compound from said olefin using the oxidizing agent of the pies^ < 1 > belo 

'io [0053] An olefin compound, for instance, a compound shown by the general formula [6j: 



w w 

(wherein, R\ R 2 , R 3 and R 4 are each independently a hydrogen atom, an alky! group, art aryi group and an aralkyl 
group.) is mixed with a proper solvent, and then the osmium oxide carried by the carrier of the present invention are 
added thereto, if necessary with a co-oxidizing agent, and followed by reacting them to obtain a diol compound shown 
by the general formula [7] below: 



h* m 

m 

(wherein, R 1 to R 4 are the same as above), 

[0054] The alkyi group shown by R ! to R 4 in the general formulas [6j and [7] may be straight chained, branched or 
cyclic, and includes usually a group having one or more carbon atoms, preferably a group of 1 to 20 carbon atoms, 
moreprefc I > i ill i |i >< " l< ' i i » h — p< ci illy 

I j a i ili h i i | i i f i 1! /! 1 5 j 

pentyl, sec-pentyl, tert-pentyl, neopentyi, n-hexyi, isohexyl, sec-hexyl, tert-hexyi, n-heptyi, isoheptyl, sec-heptyi, tert- 
heptyl, n-octyl, sec-octyi, tert-octyl, nonyl, decyl, undecyl, dodecyi, mdec yi l- 3 " 

decyl, octadecyl, nonadecyl, Icosyi, docosy!, tetracosyl, pentacosyl, heptacosyi, triacontyl, dotriacontyl, hexacontyl, 
octacontyi, cyclopropyl, cyolopealyi. cyclohexyl cydoheplyl, cyclooctyi, cyctononyi, cyc.iodecyl, eye c /I, cycled 
decyl, cyclotridecyl, cyclotetradecyl, cyclopentadecyl, eyefohexadecyi, cycloheptadecyl, cyclooctadecyl, cyciononyi 
and oydoicosyl, 

[0055] The aryl group includes usually a group having 6 to 14 cartoon atoms whic i s ' rnplifiedbya 

group such as phenylene, naphthylene, anthracenediy! and phenanthracenediyi. 

[0056] i hi hiii h i ill ' ^ i Hd v 

a group such as benzyl, phenylethyl, phenyipropy! and phenylbutyl. 

[0057] An amount of the osmium oxide carried by the earner of the present invention to be used :s determined so 
•hat an amount of the osmium oxide can- led becomes usually 0.00 1 to 0.3 times by mole, preferably 0.01 to 0.05 times 
by mole of an amount of olefin to be used. 

[0058] The solvent for reaction includes alcohols such as methanol, ethanol, n-propanoi, isopropanol, n-butanoi, 
isobulanol, sec-buianol and tert-butand; ketones such as acetone and methyl ethyl ketone; ethers such as diethyl 
ether, 1 ,4-dicxane and tetr shydrofuran; esters such as ethyl acetate: hydrocarbons such as benzene, toluene, xylene 
and cyclohexane; halogenated hydrocarbons such as chloroform, dichloroeihane and carbon tetrachloride; nitrites 
suchasaceton rile anc sutyionitriie water-soluble organic solvents such as tetrahydrofuran; N,N-dimethylformamide; 
dimethylsulfoxide; water, etc. These solvents may be used alone or in a proper combination of two or more kinds 
thereof, and a combination of water and one o more k > it mi< < enis referao ove a 

A specific example of a pteter ibk ^ n includes, for instance, water-acetone, water-acetonitrile, wat 

v |r •i-acefoiK w ei let t tano and the like. A ratio of water to water-soluble organic solvents) in a combination 
of water and water-soluble organic solvent(s) is usually 1 to 50%, preferably 10 to 30%. 

[0059] An amount of the solvent for reaction to be used is usually 1 to 50 times by weight, preferably 1 to 20 times 
by weight and more preferably 3 to 15 times by weight of an amount of an olefin substrate. 
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[0060] The co-oxidizing agent includes, for instantce, N-oxides such as 4-methylmorpholine-N-oxide, trimethyi- 
i N-oxid hyiamine-N-oxide pyridine-N-oxide, a-picoline-N-oxide, p-pico!ine-N-oxide and -y-picoline-N-ox- 
ide, peroxides such as hydrogen peroxide, tert-butyl hydroperoxide, acetyl hydroperoxide, tert-butyl peroxide, benzoyl 
peroxide, tert-butyl peracetate, tert-butyl perbenzoate, tert-buty!peroxyisopropyl carbonate; periodates such as potas- 
s siurn periodic and sodium t - - r persuifates such as potassium persulfate, sodium persulfate and ammonium 
persulfate; peroxides such as methachioroperbenzoate; hypochlorites such as sodium hypochlorite, potassium hy- 
pochlorite and ammonium hypochlorite; potassium ferricyanide; and oxygen. 

[0081] An amount of the co-oxidizing agent to be used is usually 1 to 5 times by mole, preferably 1 to 3 times by 
mole of amount of an olefin substrate. 
io [0052] 1 to 

6 hours. 

[0083] A reaction temperature is usually -10 to 100 °C . preferably 10 to 80°C and more preferably 15 to 40°C. 
[0064] in particular, when the olefin shown by the general formula [6] is an asymmetric olefin with respect to the 
reactive double bond where R 1 and R 2 as well as R 3 and R 4 are each different group from each other, or a trans-form 
is of symmetric olefin, the above reaction in the coexistence of an asymmetric ligand provides an asymmetric oxidation 
reaction, to produce a corresponding diol compound with a high stereoselectivity. 

[0085] The asymmetric ligand includes, for instance, 1,4-bis (9-o-d:hydroquinidil) phtf ins /d ;quinidine c 
hydroquinlne, dihydrocinchonine and dihydrocinchonidine. 

[0068] An amount of the asymmetric ligand to be used is usually 0.001 to 0.3 times by mole, preferably 0.01 to 0.05 

?o times by mole of the amount of olefin. 

[0067] The osmiui 1he< enl ion as a hydrophilic group shown by the genetal 

formula [1] in a molecular structure of the earner. Therefore, by using this, an objective optically active dio! compound 
can be obtained in a high yield and a high optical yield even by adding a substrate at a lime, in an asymmetric clltiy- 
droxylation reaction using a microcapsulated osmium oxide in a heterogeneous solvent system of a mixed solvent 

?5 such as water-acetone, water-acetonitriie and water ert xild be conven ially performed only by a 

gradual addition of the substrate. 

[0068] Namely, the objective asymmetric diol compound can be obtained by adding, to a heterogeneous mixed sol- 
vent as described above, the oxidizing agent of the present invention, a proper asymmetric olefin or a trans-form of 
symmetric olefin, an asymmetric ligand suitable for the asymmetric dihydroxylation reaction, and a proper co-oxidizing 

30 agent, and i necessary - In i a proper base, and then reacting showed by an oroinary after-treatment. 

[0069] The asymmetric ligand, The co-oxidizing agent and the like which are used for the above reaction may be 
m 1 3 I I < t i t i it /ii - [ i i i i< i i -><: ti/ a js m 

[0070] The base to be added if necessary includes carbonates such as potassium carbonate, sodium carbonate, 
sodium hydrogencarbonate and potassium hydrogencarbenate; alkali metal hydroxides such as sodium hydroxide and 

35 potassium hydroxide; and organic bases such as pyridine. An amount thereof to be used is usually 1 to 5 times by 
mole, preferably 1 to 3 times by mole of the amount of olefin. 

[0071] An each amount ot tne reagents to be used, a reaction tune, a reaction temperature and the like may be 
suitably determined correspondingly to the dihydroxylation reaction of t - - above 

[0072] I' jdiiion, by reacting the osn n oxide- ed by nut th 1 ention with a compound 

40 having a reactive double bond together with a strong oxidizing agent such as a perlodaie, in a proper solvent, a cor- 
responding carbonyl compound can be obtained easily in a high yield. 

[0073] Using an olefin as an example of the compound having a reactive double bond, a method for forming the 
carbonyl compound from said olefin using an oxidizing agent of the present invention will be described hereinbeiow. 
[0074] 5 is In- i a arrier < i i v 1 1 1 t 1 ,! zing agent and 

45 the olefin compound shown by the general formula [6]: 



(wherein, Ry R 2 . R 3 anci R 4 are the same as defined above) are mixed with a proper solvent, and then reacted U 
obtain the carbonyl compound shown by the general formula [8] below: 
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(wherein, R 1 , R 2 , R 3 and R 4 are the same as defined above) by cleavage of the double bond of the olefin. 
[0075] The compound having a reactive double bond which is a substrate of the above carbonyl reaction includes 
10 the same as the compound having a eactive douDie be n t h e f? Iih <. > .>n eaction of an olefin 

as described above. 

[0076] ^ < > > in j 11 , i . i i ) i ri( i i s i in d 

[0077] An amount of the strong oxidizing agent to be used is 2 ore more times by mole, preferably 2 to 4 times by 

mole, more preferably 2.1 ;o 4 times by mole of the amount of the compound having a reactive double bond. That is, 

'« when an amount of the strong oxsdizing agent to be used is not sufficient, there is little possibility for such a carbonyl- 
in j I i I ii iihydroxylation reacti ribi d < )ove occurs. 

[0078] An amount of the osmium oxide carried by i earner of the present invention to be used ss determined so 
that an amount of the osmium oxide carried becomes usually 0.001 to 0.3 times by mole, preferably 0.0 1 to 0.05 times 
by mole of the amount of the compound having a teaotive double bond used. 

?o [0079] The solvent for the reaction may use any solvent that can be used for the dihydroxyiation reaction of an olefin 
as described above can be used. 

[0080] Other reaction conditions are the same as those for the dihydroxyiation reaction of an olefin as described 
above. 

[0081] ie osn i oxide er er of the present invenilo 5 drop in ecuiar structure 

?s of the carrier as described above can fully exhibit a function as an oxidizing agent even in a water-soluble organic 
solvent or a mixed solvent such as water-acetone, water-acetomtrile and waier-tert-butanol. Therefore, a carbonyl- 
forming reaction of an olefin using periodate or the like hardly soluble in a nonaqueous solvent, which was difficult with 
an osmium oxide microcapsulated with an olefin-based polymer as conventionally used, can be easily and safely 
performed by using the oxidizing agent of the present invention comprising the osmium oxide carried by the carrier of 
30 the present invention. 

[0082] In addition, after completing a reaction using the osmium oxide carried by the earner of the present invention 
as a catalyst, the osmium oxide carried by the carrier of the present invert] ion can be reused as reaction catalyst without 
losing its aoi \i\ : , g from a reaction residue by filtration followed by drying. 

[0083] The present Invention will be further described by examples hereinbeiovv, but the present invention is not 
35 limited at all by these examples. 

EXAMPLES 

Example 1 . Synthesis of the earner of the preseni invention 
(1) Synthesis of poly(styrene-co-p-chlcrcmethylstyrene) 

[0084] To 100 ml of chloroform were added 27.9 g (267.42 mmol) of styrene, 2.1 g (14.07 mmol) of p-ehioromethyl- 
styrene and 328.0 rng (2.0 mmoi) of azobisbutylonitrile followed by allowing a polymerization for 48 hours white heating 
« and refiifxing at 80 C. After completion of the reaction, the reaction mixture was cooled to room temperature, then 
dropped into 500 mi of methanol cooled with ice ; to solidify a desired polymer. The solidified polymer was filtrated and 
washed with methanol, and then dried for 24 hours using a vacuum pump, io obtain 30 g of poly (siyrene-eo-p-ch!o~ 
romethylstyrene) in which 5 mo!% of a chloromc > i h i t r I ipld 00 u '-) 

50 (2) Synthesis of the carrier of the present invention in which a 2-phenoxyethoxymethyl group is introduced. 

[0085] With petroleum ether was washed 375.2 mg of sodium hydride and then dried under a reduced pressure. 
After drying, 972 0 n c sth ano! and 20 ml of tetrahydrofuran were added thereto in an Ice bath and followed 

by reacting while stirring. After generation of hydrogen stopped, 5.0 g of the poly (styrene-co-p-chloromethyistyrene) 
55 obtained in the above (1 ) and 20 ml of tetrahydrofuran were added thereto and followed by reacting them for 20 hours 
while hea at 90 : C. Aftei ar station z' the reaction, the reaction mixture was cooled down to room 

temperature by stop heating, then dropped into 500 ml of methanol cooled with ice to solidify a desired polymer. The 
50 ml of cyclohexane, and then dissolved while stirring at 60 C. After 



8 



EP1 366 814 A1 



ig was stopped, and said solution was cooled down to room temperature, and then dropped into 500 
ml of methanol cooled with ice to solidify the polymer. The solidified polymer was filtrated and washed with methanol, 
then dried for 24 hours under a reduced pressure, to obtain 5.9 g of the carrier of the present invention in which 5 moi% 
of a 2-phenoxyethoxymethyl group (-CH 2 OCH 2 CH 2 OPh) relative to the amount of styrene was introduced (yield 100%). 

5 

Example 2. Synthesis of the carrier of the present Invention 
(1 ■ Synthesis of 2-brorrtoethylphenyl ether 

10 [0088] To 3.25 ml (0.04 mmol) of pyridine were added 13.82 g (0.1 mol) of 2-phenoxy ethanol and 10.83 g (0.04 mo!) 
of phosphorus tribromide, followed by reacting at 0°C for 1 hour while stirring. The reaction solution was warmed up 
to 50°C and then reacted for 1 hour while stirring. After completion of the reaction, excess 1 N hydrochloric acid (0°C) 
were? " •- rt" jn^vrir iun pi^t H j t- - ■><.!,. i 1Ii*m 

organic layer was washed with 1N hydrochloric acid, water and an aqueous solution of sodium hydrogen carbonate, 

is then dried on magnesium sulfate and concentrated under a reduced pressure. An obtained crude product was purified 
by disiillatto o obi 1 ' 5 , , 1 ired 2 on h\ ien < 47%) 

(2) Synthesis of trieihylene glycol monophenyl ether 

?o [0087] To 8.5 ml (90 mmol) of diethylene glycol were added 840 mg (15 mmol) of potassium hydroxide and dissolved 
while stirring and heating at 120°C in an oil bath. Heating was slopped after potassium hydroxide was completely 
dissolved, diethylene glycol was distilled off, and then 3.03 g (15 mmol) of 2-bromoethylphenyl ether obtained in the 
above (1) was slowly dropped into the reaction so > »n ing a 0 udei wplelson )f c c % x the 

reaction solution was reacted at the same temperature for anothei he est - rate r he il 

?5 obtained was concentrated and o t it 1 in j i i mi I i ? 2' mmol) of a desired 

triethylene glycol monophenyl ether (yield 28%). 

(3) Synthesis of the carrier of the present invention in which a -CH 2 0 (CH 2 CH 2 Q) 3 Ph group is introduced 

30 [0088] By the same manner as in (2) of Example 1 excepl that 22.6 rng of triethylene glycol monophenyl ether 
obtained in the above (2) was used instead of 2-phenoxy ethanol, 1 5.5 g of carrier of the present invention in which a 
CM diOKC I d i i i vui 47%) 

Example 3. Synthesis of the carrier of the present invention 

35 

(1) Synthesis of pentaethylene glycol monophenyl ether 

[0089] With petroleum ether was washed 564.8 mg of sodium hydride, and then dried under a reduced pressure. 
After drying, 2.73 g of tetraethyleoe glycol and 10 ml of tetrahydrofuran were added thereto in an ice bath and reacted 

40 whiie slimno. After generation of hydrogen stopped, 5 ml of tetrahydrofuran dissolving 1.42 g (7.06 mmol) of 2-bro- 
moethylphenyl ether obtained in the above (1 ) of Example 2 was slowly dropped Into the above reaction solution. After 
completion of dropping, t in < i |<m f it 1 \ ui hi 

terminated by adding methanol. After completion of the reaction, the solvent was concentrated under a reduced pres- 
sure and the crude product obtained was purified by using a column chromatography, to obtain 515.6 mg (1.64 mmol) 

« l* a desiff-c • u.e.nd ,-:-ne ah ^ i ~> i - I - - - do' 1 

(2) Synthesis of the carrier of the present invention in which a -CH 2 0 (CH 2 CH 2 0) 5 Ph group is introduced 

[0090] By the same manner as in (2) of Example 1 except that 22.6 mg of pen , i /coin jhen> 
50 obtained In the above (1) was used instead of 2-phenoxy ethanol, 15.5 g of the carrier of the present invention in which 
a -CH 2 0(CH ? ' C i grouf i as irnoduced were obtained (yield 47%). 

Example 4. Production cd the osmium oxide carried by the carrier of the preseni invention 

55 [0091 ] To 20 ml of cyclohexane were added 1 g of the carrier of the present invention obtained in Example 1 , followed 
by adding 200 mg of osmium tetroxide thereto whiie stirring at 50 - 60°C and reacting them for about 1 hour while 
stirring. After the reaction solution was cooled down to room temperate by stop sating ethan .t I v 
to the reaction solution white stirring and then left for standing for about 24 hours. After the product was solidified, 
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filtered, washed with methanol and dried to obtain 1.12 g of the osmium tetroxide carried by the carrier of the present 
invention (yield 100%) (Amount of osmium tetroxide carried: 10.8%). 

Example 5 and 6. Production of the osmium oxide carried by the carrier of the present invention 

5 

[0092] By the same manner as in Example 4 except thai each of the carriers obtained in Examples 2 and 3 was used 
instead of the carrier of the present invention obtained in Example 1 , each of desired liur etrox < > 

carrier of the present invention, respectively, were obtained. 

to Example 7. Asymmetric dshydroxySation reaction 

[0093] To 3.5 ml of a water-acetone (1:1) solvent were added 66.6 mg of the osmium oxide carried by the carrier of 
the present invention obtained in Exampie4 > 21.5mgof 1.4-bis(9-o-d!h i _ zi 1 i 

erricya i Oi n reacting at 30QC i hilt irring. And 59.0 mg 

is of trans-p-methylstyrene dissolved In 1 .5 ml of a water-acetone (1:1) solvent were added to the reaction solution and 
followed by reacting for another :? hours white stirring. And further. 362.2 mg of potassium ferricyanide and 152.0 mg 
oi potassium carbonate were added to the reaction solution and followed by r<*< in - v > t >i 

After the reaction was terminated by adding methanol, the filtrate obtained by filtrating tr - - < m was con- 

centrated to some extent. The obtained product was dissolved in 5 ml of methylene chloride and filtrated using Ceiite. 

Z'O The filtrate was concentrated and purified using a silica gel thin-layer chromatography, to obtain 70.6 mg of a desired 
diol, 1-pheny!-1, 2 -propane diol (yield 85%)(97% ee). 

[0094] The osmium tetroxide carried by the carrier of the present invention obtained by filtration was washed with 
water and methanol and recovered quantitatively by drying using a vacuum pump. 

25 Examples 8 and 9. 

[0095] By the same manner as In the above Example 7 except that each of the carried osmium tetroxide obtained 
in Examples 5 and 6 was used instead of the osmium tetroxide carried by the carrier of the present invention, trans- 
P-methylstyrene was oxidized and the same compound as the did compound obtained In Example 7 was respectively 
30 obtained. 

Example 10. 

[0096] The same reactions as in Example 7 were repeated using the osmium tetroxide carried by the carrier of the 
35 present invention whsch was recovered in Example 7. Yield and optical yield of the diol compound obtained by each 
reaction are shown in Table 1 . 



Table 1 



Number of Repeated Use 


1 


2 




Yield % 


45 


50 


50 


Optical Yield %ee 


97 


96 


96 



[0097] As apparent from Table 1 , it can be understood that the osmium tetroxide carried by the carrier of the present 
ion lot lose i ity as i m repea 

Comparative Example 1 

[0098] By the same manner as in Example 7 except that the osmium tetroxide carried by the carrier obtained by 
using only polystyrene, an asymmetric oxidation of trans-B-methyistyrene was conducted. Yield and optical yield of the 
same diol compound as obtained In Example 7 were 30% and 40%ee, respectively 

[0099] As apparent from the results of Example 7 and Comparative Example 1 , it can be u - ttheosmiun 
oxide carried by the carrier of the present invention enables to obtain an optically active diol compound more easily 
and in a higher yield, compared to a conventional microcapsulated osmium oxide, in an asymme u 
reaction in a hetero-t < - «s „m ferricyanide as a co-oxidizing agent. In other words, it 

can be understood that the osmium oxide carried by the carrier of the present Invention works very effectively ever: in 
a heterogeneous solve - 1 use It has a hydrophilic group in the structure of the molecule thereof. 
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Example 11. Carbonyl-forming reaction of an olefin 

[0100] A mixture of 53.9 nig of the osmium oxide carried by the carrier of the present invention obtained in Exampie 

4 (containing 11.8% of osmium tetroxide), 235.3 mg of sodium periodate and 200 mg of molecular sieves 4A (Fine 
5 powder, made by Aidrich inc.) was homogenized by stirring at 60°C. And to the mixture was added 0.5 mmoi of trans 

stiibene and 1 ml of a mixed solvent of water-acetone (1:1), and followed by reacting at 60° C for 12 hours while stirring. 

After completion of the reaction, excess hexane was added to the reaction solution and then cooled to a room tern- 
ii ig for an 0 minutes. Th jiution il < i J J t t was washed 

with hexane and methanol, and extracted with methylene chloride. The extraction was analyzed by a gas chromatog- 
10 raphy, and it was o'ovt-d * it a t 1 \t i 1 «ys-o 

[0101] Further, a filter cake obtained by filtration wa 1 s h d v th v tsr and methanol, and remaining molecular 

sieve 4A was removed therefrom, followed by drying under a reduced pressure to recover go t . 1 t , the osmium 

oxide carried by the carrier of the present invention. 

is Examples 12 - 14. 

[0102] The same manner as in Example 11 was repeated using the osmium tetroxide carried by the carrier of the 
present invention which was recovered in Example 11. Yields of benzaidehyde obtained by each reaction are shown 
in Table 2. 

20 

Table 2 



Number of Repeated Use 


1 


2 


3 




Yield % 


95 


96 


97 


96 



25 

[0103] As apparent from Table 2, it can be understood that the osmium tetroxide carried by the carrier of the present 
invention does not lose its activity as a catalyst in repeated use. 

INDUSTRIAL APPLICABILITY 

[0104] The osmium oxide carried by the carrier of the present invention can be bandied without paying special at- 
tention to toxicity or the like even at a high content thereof, and the effect of the osmium oxide itself is stabiy shown 
for a long p < h i 1 1 t 1 I t t 1 1 f , < 

the present invention has the advantages of having a superior durability and solvent resistance, hardly decreasing its 

35 activity in repeated use ever; for many times, being recovered quantity after use and enabling itself to repeat reuse. 
[0105] That is, the osmium oxide carried by the carrier of the present invention is very useful as a catalyst for various 
reactions, in addition, the osmium oxide carried by the carrier of the present invention can be used advantageously in 
the industry as an oxidizing catalyst or an oxidizing agent in various chemical reactions such as a dihydroxyiation 
reaction or a carbonyl-forming reaction of a compound having a reactive double bond. Since the osmium oxide carried 

40 by the carrier of the present invention has a group having hydrophiiic: property, cm an oxidation reaction and an asym- 
metric oxidation reaction, particularly in a heterogeneous solvent system, the osmium oxide carried by the carrier of 
the present invention enables to produce a diol compound easily and in a high optical yield. And the osmium oxide 
carried by the carrier of the present invention can be used safely and effectively even for an oxidation reaction etc. 
with 1 sin ii n diffi react in a nonaqueous solvent. 



Claims 

1. i g an osn xide compri irot ol in a g h t e i< 
50 formula [1]: 

-A'-0(-A-0) n -R [1] 

55 (wherein, A Is an aikylene group; A' is a direct link or an alkylene group; R is an aryl group; and n is an Integer of 

1 to 10}. 

2. The carrierfor carrying the osmium oxide according to claim 1 , wherein A and A' are each independently an alkylene 
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group of 1 to 6 carbon atoms; R is a phenyl group; and n is an integer of 1 to 5. 

3. The carrier for carrying the osmium oxide according to claim 1, wherein an aromatic po if 1 - , 
or a copolymer of styrene that may have a substitute in a-position. 

5 

4. An osmium ox:de carried by the carrier according to claim 1 . 

5. A method for producing an osmium oxide carried by the tamer which cor v e carrier ,jf cord ng 
to claim 1 with the osmium oxide. 

6. A method for preventing an activity of an osmium oxide from decreasing which comprises carrying the osmium 
oxide c carrier aoco i 

7. An oxidizing agent comprising an osmium oxide earned by the carrier according to claim 1 . 

is 

8. T oxidi a a Minn > i7 said < ing agent is used for producing a corresponding dioi 
compound from a compound having a reactive double bond. 

9. The oxidizing agent according to claim 7, wherein said oxidizing agent is used for an asymmetric dihydroxylation 
'<'0 reaction of an asymmetric olefin or a trans-form of a symmetric, olefin. 

10. A method for producing a corresponding dioi compound which comprises reacting a compound having a reactive 
double bond with the oxidizing agent according to claim 8. 

25 11. The method according to claim 10, wherein the compound having a reactive double bond is an olefin. 

12. The method according to claim 1 1 , wherein the olefin is an asymmetric olefin or a trans-form of a symmetric olefin. 

13. A method for producing a corresponding carbonyi compound which comprises reacting a compound having a 
30 reactive double bond with the oxidizing agent according to claim 7 and a strong oxidizing agent. 

14. The method according to claim 13, wherein the compound having a reactive double bond is an olefin, 

15. The method according to claim 13 or 14, wherein an amount of the strong oxidizing agent to be used is 2 or more 
35 times by mole relative to an amount of the compound having a reactive double bond. 

16. The method according to claim 13 or 14, wherein an amount of the strong oxidizing agent to oe used is 2 to 4 
times by mole relative to an amount of the compound having a reactive double bond. 

\7 - i . i vve-e- " e s'' hkk - s a periodate. 



50 



55 
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